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INTRODUCTION  

The August 24th, 2014 Mw 6.0 South Napa Earthquake (SNE) resulted in as much as 20 km of 
surface rupture on the West Napa Fault Zone (WNFZ) (Figure 1). Up to 50 cm of right-lateral 
displacement was observed on the principal rupture, with displacements of less than 10 cm on 
several parallel faults to the east, in a zone up to 2 km wide.   

The WNFZ consists of a group of subparallel northwest-striking faults along the west margin of 
Napa Valley that accommodate a small portion of regional San Andreas Fault system dextral 
shear. Prior to the SNE, portions of the WNFZ had been evaluated for surface rupture potential 
in a Fault Evaluation Report (FER) by Bryant (1982), and portions of the fault in the American 
Canyon area were included in an Earthquake Fault Zone (EFZ) under the Alquist-Priolo 
Earthquake Fault Zoning Act (A-P Act).   

Prior to the SNE, Bryant (1982) had mapped a significant portion of the fault that later ruptured 
as the principal trace of the SNE surface rupture; however, there was considerable uncertainty 
regarding both the activity of this principal fault trace, as well as the existence and activity of other 
faults within the WNFZ to the east.  Consequently, mapped traces of the WNFZ in this area were 
not recommended for inclusion in an EFZ by Bryant (1982).  

Combined with the pre-earthquake mapping of Bryant (1982), the 2014 SNE surface rupture 
provides an important calibration event by demonstrating how active traces of the WNFZ are 
geomorphically expressed.  This informs a re-evaluation of the WNFZ for the faults that had not 
been previously included in an EFZ and either ruptured with minor displacements or did not 
rupture during the SNE.   

The focus of WNFZ active fault mapping efforts (i.e., Wesling and Hanson, 2008; Bryant, 1982) 
and site specific subsurface investigations by numerous consultants and researchers (Clahan et 
al., 2011; Rubin et al., 2014) prior to the SNE, has been along faults on the west margin of the 
Napa Valley, termed here the West Napa Range-front Faults (WNRF). This zone generally follows 
the trend of the previously established EFZ in the Cuttings Wharf Quadrangle near the Napa 
County Airport. This FER addresses both the SNE ruptures, as well as the WNRF. 
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This evaluation employs new techniques and data sets that were not previously available, most 
notably lidar and synthetic aperture radar (SAR).  These methods have greatly improved the 
ability to recognize active faults and detect surface deformation, even where no surface rupture 
or discontinuous surface ruptures are observed in the field.  Post-SNE SAR data have enabled 
identification of previously unknown active faults, and have highlighted previously mapped faults 
that may be active.  Additionally, this evaluation utilizes a more comprehensive compilation of 
geologic site investigations, aerial imagery, and original mapping.   

This FER has two primary contributions: 1) Observations and new insights from the 2014 SNE 
surface rupture are combined with the other data for an improved understanding of the 
geomorphologic expression, location, and activity of the WNFZ; and 2) Recommendations that 
some faults along the previously un-zoned WNRF as well as all SNE rupture traces, be included 
in EFZ’s.   

For complete definitions of the criteria and specific language of the A-P Act and Policies of the 
State Mining and Geology Board (SMGB) related to the A-P Act, see Bryant and Hart (2007).  
Modification of the existing EFZ in the Cuttings Wharf Quadrangle near the Napa County Airport 
and to the south, will be addressed in a future separate FER. 

SYNOPSIS OF THE 2014 SOUTH NAPA EARTHQUAKE RUPTURE 

The Mw 6.0 South Napa Earthquake (SNE) occurred on the morning of August 24th, 2014 with the 
epicenter located near Cuttings Wharf at the mouth of the Napa River, approximately 2.5 km west 
of the Napa County Airport (Figure 1).  The rupture occurred along seven individual traces, 
labelled A-G, spanning west to east, respectively, across a zone with a maximum width of 
approximately 2 km (Figure 1).   

Trace A carries the majority of coseismic and all of the post-seismic slip from the SNE.  Field 
evidence of surface rupture was documented north of the Napa River and continues northwest 
for about 12.5 km (Ponti et al., 2017).  SAR imagery is used by Ponti et al. (2017) to extend the 
rupture mapping another 1 km northwest and 9 km southeast beyond the ends of rupture 
observed in the field.  The maximum amount of measured coseismic net slip is 46 cm, which was 
observed approximately 9 km northwest of the epicenter along Trace A.  Post-seismic slip 
occurred along Trace A south of Browns Valley, and after one year it nearly equaled the maximum 
coseismic slip (Lienkaemper et al., 2016).   

Traces B – G (Figure 1) are subparallel to Trace A, and each have less measured displacement 
than Trace A.  The maximum measured offset on Trace C is 7 cm and the maximum offset 
measured on other traces (B, D, E, F, G) did not exceed 6 cm.  Post-seismic slip was not observed 
on Traces B – G. 

The effects of the SNE rupture to cultural features are most apparent along Traces A, C, and D 
in the Browns Valley area, with widespread damage to streets, sidewalks, utilities, and residences 
(GEER, 2014; Hudnut et al., 2014).  In general, measured displacements along Traces A and C 
in Browns Valley, range from 3 cm to 7 cm, with the maximum of 7 cm observed on Trace C.  All 
of these rupture traces were mapped as through-going faults, although at a 1 m to 10 m scale, 
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gaps in the surface expression were observed.  Several residential structures sustained extensive 
foundation damage from as little as 3 cm of measurable right-lateral rupture. 

GEOMORPHIC EXPRESSION OF THE WEST NAPA FAULT ZONE 

The occurrence of surface rupture along several faults that were not well-understood, or identified, 
prior to the SNE necessitates reconsidering the geomorphic expression of Holocene faulting in 
the Napa region.  The WNFZ had previously been assessed with the expectation that Holocene 
faulting would be well-expressed with classic, through-going tectonic geomorphology such as 
right-lateral drainage offsets and scarps in Holocene deposits.  This expectation may have been 
influenced by the lack of examples of moderate displacement surface ruptures, such as the SNE, 
on lower slip rate faults in the region.  Therefore, comparing the geomorphic expression of faults 
that ruptured during the SNE with other mapped faults in the WNFZ, provides a valuable 
calibration for the geomorphic evidence of fault activity in the region.   

Bryant (1982) dismissed some fault traces that ultimately ruptured in in the SNE based on their 
discontinuous and subdued geomorphic expression.  However, evidence of pre-SNE, Holocene 
fault activity encountered in trenches along the rupture (e.g., Seitz et al., 2015; Dawson et al., 
2016) are further examples of the limitations in characterizing the WNFZ with geomorphology 
alone.  The current knowledge that these fault traces are Holocene active, with perhaps a weaker 
geomorphic expression than previously expected, also provides a basis for evaluating faults 
mapped by Wesling and Hanson (2008) along the western margin of Napa Valley. 

Geomorphic expression of the WNFZ is evaluated in this FER by incorporating detailed air photo 
and lidar mapping, subsurface data, and extensive field checking.  The results of lineament 
mapping are depicted on Plate 2 with numbered features corresponding to descriptions and 
evaluation comments in Table 1.  Plate 2 incorporates lineament mapping both from this 
evaluation, as well as a subset of lineaments from Wesling and Hanson (2008).  Features on 
Plate 2 mapped by Wesling and Hanson (2008) are generally limited to those which may be 
considered most likely to have a tectonic origin, such as through-going right-lateral offsets and 
scarps. 

Details of the geomorphic mapping are addressed in the Evaluation and Discussion section 
below. 

GEOLOGIC MAPPING OF THE WEST NAPA FAULT ZONE  

The West Napa Fault Zone has been mapped extending from the Carquinez Strait to near St. 
Helena.  Figure 1 locates the study area and depicts faults compiled into the Quaternary Fault 
and Fold Database by the United States Geological Survey and California Geological Survey 
(USGS/CGS, 2006), as well as the SNE rupture, and the existing EFZ.   

The WNFZ is a right-lateral strike-slip fault, which is consistent with its strike being sub-parallel to 
the San Andreas fault system.  Regionally, movement on the WNFZ has juxtaposed Cretaceous 
and Tertiary sedimentary rocks on the west with Tertiary Sonoma Volcanics on the east (Wagner 
and Gutierrez, 2016).  Local exceptions to this relationship exist where traces of the fault are 
mapped entirely within Sonoma Volcanics or alluvium, or at the contact between bedrock and 
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alluvium.  Brossy et al. (2010) and Catchings et al. (2016) suggest transfer of right-lateral slip 
northwestward from the Calaveras Fault to the West Napa Fault via the Contra Costa Shear Zone 
in the northern East Bay Hills.   

Previous fault mapping efforts (Plate 1) within the Napa region have focused primarily along the 
western margin of Napa Valley (i.e., WNRF), and further west in the bedrock uplands and 
intermediate valleys between Napa Valley and Carneros Valley (Figure 1).  Published mapping 
of the fault has been presented at various scales of 1:24,000 or smaller, and is generally based 
on regional observations.  While some of this mapping focused on identifying active and 
potentially active faults (e.g., Helley and Herd, 1977; Pampeyan, 1979), other geologic maps (e.g., 
Fox et al., 1973; Wagner and Bortugno, 1982; Clahan et al., 2004; Graymer et al., 2007) focused 
on establishing the regional geologic framework with no implied inference of seismogenic 
capability.  Portions of the earlier mapping are compiled within the Quaternary Fault and Fold 
Database (USGS/CGS, 2017).   

The mapping of Bryant (1982) and Wesling and Hanson (2008), focus on recognizing recent 
tectonic features, at larger scales than previous work.  Wagner and Gutierrez (2016) compiles 
much of the previous fault mapping, and incorporates an early version of the SNE rupture mapping 
provided in Hudnut et al. (2014), which has subsequently been superseded by Ponti et al. (2017).  

PREVIOUS ASSESSMENTS OF FAULT ACTIVITY 

Several prior reports (e.g., Fox et al., 1973; Helley and Herd, 1977; Pampeyan, 1979; Wesling 
and Hanson, 2008; and Clahan et al., 2011) concluded Holocene faulting was evident along 
portions of the range front of western Napa Valley, primarily based on a prominent scarp in 
eastern Alston Park and a shallow cross-fault stream exposure interpreted to expose evidence of 
multiple Holocene-age faulting events (e.g., Clahan et al., 2011; discussed further in later sections 
of this report, and in Table 2).  Slip rate estimates on the WNF are poorly constrained, with 
estimates ranging from ≤1 to 4 mm/yr based largely on general geomorphology as well as models 
based on regional geodesy (e.g., Field et al., 2013). 

A fault evaluation by Bryant (1982) addresses previously mapped fault traces of Fox et al. (1973), 
Helley and Herd (1977), and Herd (as depicted in Bryant, 1982).  That evaluation utilized aerial 
imagery, field reconnaissance, and available fault investigation reports.  Bryant (1982) noted a 
lack of displacement of young alluvial fans; lack of systematically deflected drainages; 
degraded/eroded scarp at Alston Park; and inconclusive evidence for Holocene faulting in several 
consulting trenches across mapped faults/geomorphic features.  Based on these observations, 
Bryant concluded that the mapped faults were not considered sufficiently active or well-defined, 
and no EFZ was designated. 

Wesling and Hanson (2008) mapped a system of active faults based on the geomorphic 
expression of features along the WNRF, and through the hills to the west (Plate 2, Table 1).  This 
work is based primarily on aerial imagery and limited field reconnaissance.  Wesling and Hanson 
(2008) map several geomorphic lineaments such as scarps and deflected drainages, and 
concluded these are fault-related.  Holocene ages of faulting are interpreted and assigned to 
many of the mapped lineaments. 
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COINCIDENCE OF SOUTH NAPA EARTHQUAKE RUPTURE WITH PREVIOUS MAPPING 

The 2014 South Napa Earthquake ruptures occurred in areas with several previously mapped 
bedrock faults (Plate 1) and poorly expressed geomorphic features (Plate 2), which were not well-
understood prior to the earthquake.  Trace A is located up to 3 km west of the WNRF and most 
of the previously mapped active faults, although it is roughly coincident with previous mapping of 
geologic faults, north of South Avenue.  Traces C and F are coincident with previously-mapped 
faults for short distances, while Traces B, D, and E were unmapped prior to the SNE (Plate 1).  
Trace G is the only SNE rupture trace to clearly correspond with a previously recognized 
Holocene-active fault.  Bryant (1982) included Trace G within an EFZ (Figure 1, and Plate 1) 
based on relatively clear geomorphic expression and available subsurface data in the area of the 
Napa County Airport and to the south. 

Bryant (1982) had mapped approximately 4 km of Trace A consisting of two separate sections, 
including the portion with the highest coseismic slip in the SNE, based on geomorphic expression.  
Despite noting features such as sharp tonal lineaments, linear drainages, saddles, and two right-
laterally deflected drainages, Bryant concluded that the relatively subdued geomorphic 
expression cast doubt on the origin and recency of the features and thus did not recommend 
those faults for inclusion in EFZ’s.  This may be due, in part, to the lack of subsurface data at the 
time and an apparent bias towards analogous examples of active fault geomorphology from 
higher slip rate faults that typically exhibit systematically deflected drainages and sharp scarps in 
young materials.   

The occurrence of the SNE rupture, along with recent subsurface data demonstrate the fault does 
in fact meet A-P Act criteria of “sufficiently active” and, with the hindsight of experience and a 
recalibrated understanding of active fault geomorphology, the criteria of “well-defined”. 

USE OF SAR IMAGERY 

Synthetic aperture radar (SAR) can provide strong evidence for both location and activity of faults 
by measuring ground surface changes on the order of centimeters (cm), when data from repeated 
surveys are differenced.  This method is uniquely suited to assessing tectonic ground deformation 
because it collects images on a regional scale, and often at temporal intervals that allow the 
differentiation of coseismic and post-seismic deformation.  SAR data collected with a space-borne 
method, are commonly referred to as InSAR (Interferometric Synthetic Aperture Radar).  A 
variation of SAR that uses airborne methods is known as UAVSAR (Unoccupied Aerial Vehicle 
Synthetic Aperture Radar).  For background on SAR concepts see Jones (2015).   

The National Aeronautics and Space Administration’s (NASA) Jet Propulsion Laboratory (JPL) 
has an on-going UAVSAR mission over northern California as part of an experiment to record 
movement along major elements of the San Andreas fault system.  In the days after the SNE, 
JPL was able to deploy their UAVSAR system and collect post-earthquake data that provided 
insights into both the spatial and temporal distribution of coseismic and post-seismic movement 
along the WNFZ.  Within a week of the SNE, SAR imagery became available and clearly imaged 
the SNE rupture and confirmed its distributed nature along multiple subparallel faults.  An example 
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of the utility of SAR data was the recognition of through-going deformation along Traces B, D, 
and G, which had not been clear during initial field mapping. 

As a complementary tool to field mapping, Ponti et al. (2017) extensively utilized JPL’s UAVSAR 
data to map the SNE rupture.  They classify SAR lineaments into two categories of origin: 
“tectonic” and “uncertain” (Plate 4).  According to Ponti et al. (2017), the criteria for a tectonic 
origin is coincidence with, or connection between points of field-confirmed tectonic rupture, as 
well as projections on-trend beyond the end of field-confirmed tectonic rupture.  The uncertain 
category consists of SAR lineaments that cannot be clearly associated with tectonic surface 
ruptures due to a lack of evidence of rupture observed in the field, the lineament being isolated 
spatially, inconclusive results in analysis of line-of-sight displacements (e.g., Donnellan et al., 
2015; DeLong et al., 2016), or other limitations. 

The lack of observed rupture in the field (Ponti et al., 2017) along several interpreted SAR 
lineaments in Napa is apparently in contrast to experiences following the 2010 El Mayor-Cucapah 
Earthquake in the Yuha Desert (e.g., Treiman, 2012).  Treiman (2012) reports the SAR imagery 
reliably captured minor amounts of visible surficial deformation; however, only a limited number 
of SAR lineaments in the Yuha Desert were field-checked whereas in Napa, the vast majority 
were field-checked by multiple observers.   

Possible explanations for the differences between the outcomes of SAR-based mapping of the El 
Mayor-Cucapah Earthquake and SNE include environmental characteristics such as a lack of 
vegetation and ideal surface conditions amenable to recording minor displacements in the arid 
region of the El Mayor-Cucapah rupture.  Those ruptures had cm-scale displacements and were 
observable both on the UAVSAR as well as in the field.  However, they are likely below the 
threshold of what can be reliably be observed in northern California, where vegetation and soil 
properties may inhibit the expression of fault ruptures with small displacements. 

In this FER, lineaments mapped by Ponti et al. (2017) using SAR are evaluated such that the 
lineaments are accepted as active faults when they meet any of the following criteria: 

• Lineament is coincident with fault rupture observed in field.  

• Lineament extends from, or is on trend with observed fault rupture.  

• Lineament exhibits post-seismic slip as observed on post-earthquake pairs of imagery. 

• Lineament is coincident with a previously mapped active fault. 

• Lineament is coincident with pre-existing geomorphic features that may be indicative of 
faulting. 

• Lineament is coincident with subsurface trench data. 

• Lineament is consistent with plausible structural relationships to known active faults.  

A possible limitation with the use of SAR imagery is that some lineaments with non-tectonic origins 
may be expressed as linear features, which could be mistaken for faulting.  Such features have 
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been ascribed to known phenomena that affect SAR data such as: atmospheric distortion, 
groundwater fluctuations, vegetation changes, differential subsidence of variable subsurface 
materials along discontinuities or strength contrasts, incoherence/decorrelation of SAR data, 
effects of soil moisture, or others (e.g., Rosen et al., 2006; Zwieback et al., 2015; DeLong et al., 
2016).  Another possible origin of “uncertain” SAR features described in Ponti et al. (2017) could 
include tectonic movement on blind structures (DeLong et al., 2016).  All of these various sources 
of SAR signals could indicate a cm-scale range movement (Rosen et al., 2006), and may account 
for the uncertain origin of some of the SAR lineaments mapped by Ponti et al. (2017).   

With awareness of uncertainties in SAR data, the criteria for activity listed above are intended to 
specifically identify SAR lineaments plausibly related to surface or near-surface faulting.  SAR 
features related to other non-tectonic origins are unlikely to be coincident with lineaments mapped 
using these criteria.  Furthermore, the experience following the SNE, where mapped SAR 
lineaments were later field checked and cm-scale displacements were found across fragile 
cultural features, gives additional confidence that the SAR lineaments mapped using these criteria 
are fault related.  As with the El Mayor-Cucapah Earthquake UAVSAR-based mapping of Treiman 
(2012), the SNE example shows that UAVSAR can reliably identify faults with minor 
displacements that may only be detectable on the ground in ideal conditions.   

EVALUATION AND DISCUSSION 

In the sections below, evaluation of SNE rupture mapping is presented first, followed by evaluation 
of WNRF’s mapped prior to the SNE. 

Evaluation of SNE Rupture Mapping 

This section evaluates the mapping of SNE rupture Traces A-G by Ponti et al. (2017), which 
presents the results of field mapping from many contributors, and interpolates connections 
between field observation points, as well as interpretations of SAR lineaments, lidar and imagery. 
It is the most comprehensive record of surface rupture observations associated with the SNE.  In 
the evaluation below, discussion of imagery, previous mapping, and site investigations are 
incorporated where instructive. 

Based on the overall consistency of field evidence indicating through-going, right-lateral surface 
displacement along km-scale sections of the ruptures, faults mapped by Ponti et al. (2017) (e.g., 
Plates 1-4) are considered active.  Where Ponti et al. (2017) designates an inferred origin, that 
convention is generally maintained in this evaluation.  In this section, descriptions of SNE 
mapping, offset measurements, and UAVSAR interpretations related to the SNE rupture are from 
Ponti et al. (2017) unless otherwise noted. 

For ease of discussion, the following discussion is arranged in sections from south to north relative 
to features labelled on Plates 1 through 5.  The results of the fault evaluation are depicted on 
Plate 5. 
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Slaughterhouse Point to Highway 12 

This area includes Traces A, C, and G, west to east, respectively.  Trace A south of the Napa 
River is characterized by a clear expression in both coseismic and post-seismic SAR imagery.  
The SAR lineament is aligned on-trend with Trace A north of Napa River (Plate 4; Ponti et al., 
2017). Some field observations south of the Napa River further support rupture during the SNE. 
The post-seismic SAR imagery is significant because it records continued fault movement along 
the same alignment as the co-seismic imagery.   

Further supporting evidence for activity on the southern-most section of Trace A includes studies 
of the SNE’s seismicity and subsequent geodetic modeling (e.g., Dreger et al., 2015; Melgar et 
al., 2015), which suggests shallow slip extends south of the SNE epicenter to an extent 
approximately similar to the rupture mapping of Ponti et al. (2017).  The majority of this section of 
Trace A is submerged, or within inaccessible wetlands, and therefore lacks the density of field 
observations similar to the sections of Trace A north of the Napa River.  Based on its strong 
expression on both co-seismic and post-seismic SAR imagery, and its orientation on-trend with 
Trace A north of the Napa River, this portion of the fault is considered active (Plate 5).   

North of Napa River, the rupture along Trace A is characterized by right-lateral offsets on 
pavement, offset vineyard rows, as well as en echelon cracks in soil.  Displacements measured 
in the field range up approximately 20 cm or more, with a local vertical component.  Total slip, 
including post-seismic slip in this area reaches a maximum of 49 cm (Lienkaemper et al., 2016).  
Pre-existing geomorphology consists of an east-facing, approximately 7-m-high scarp (Features 
1 and 4; Plate 2 and Table 1) previously recognized by Bryant (1982) and Wesling and Hanson 
(2008).  Bryant (1982) notes cultural modification may have artificially enhanced the sharpness 
of the scarp, and did not consider the scarp to be conclusive evidence of Holocene faulting.  A 
trench across the rupture at Site 2 (Plate 3 and Table 2) exposes a pre-SNE deformation zone 
with stratigraphic juxtaposition of alluvial deposits across it.  This provides clear evidence of a 
through-going fault zone with a prior history of displacement along this section of the fault, which 
includes the scarp previously noted at Features 1 and 4 (Plate 2). 

Approximately 2.1 km south of Highway 12, Ponti et al. (2017) characterize Trace C with an 
alignment of several SAR lineaments (Plate 4).  This section of Trace C is on-trend with observed 
rupture to the north, and could represent a structure that transfers slip from Trace C to Trace G.  
Elevated topography between these traces is consistent with a restraining step across these 
faults.  Ponti et al. (2017) interpret an uncertain origin for this section of the fault, which is 
consistent with a lack of observed SNE rupture in the field and a lack of clear tectonic geomorphic 
features.  However, based on the relatively clear alignment with the rupture to the north, it appears 
these lineaments represent the southern continuation of Trace C and are considered active. 

Trace G, the eastern-most rupture along the SNE rupture provides insights into the location and 
possible continuity of the rupture with previously mapped faults.  This portion of the rupture lies in 
proximity to the fault mapped by Bryant (1982), and extends that fault over 2.5 km northwest from 
the existing EFZ (Plate 5).  The northwest extension of the fault is mapped on-trend from the 
documented rupture at the Napa Airport, based primarily on UAVSAR (Plate 4; Ponti et al., 2017).  
The location and general trend of Trace G could also be consistent with a right-stepping 
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relationship to the WNRF.  Based on the expression in SAR imagery and field observations of 
faulting at the Napa Airport, the northwestern extent of Trace G is considered active (Plate 5).  

Highway 12 to Browns Valley Road 

Traces A, B, C, E, and F are mapped in this area, west to east, respectively.  The rupture along 
Trace A in this area is continuous with the section to south, and is characterized by right-lateral 
offsets to pavement, curbs, and vineyard rows, as well as expressed as fissures, en echelon 
cracks and mole tracks.   Locally, displacement is accommodated over a width of up to 14 m.  The 
maximum right-lateral displacement of 44 cm is measured at a point approximately 4 km north of 
Highway 12.  Pre-existing geomorphology consists of an east-facing scarp, linear front, and linear 
valley, saddles, as well as two right-lateral drainage offsets (2.4 and 3.7 km north of Highway 12) 
which were noted by Bryant (1982), who mapped approximately half of this reach of Trace A. 

Bryant (1982) did not conclude that the geomorphic features mapped along what is currently 
recognized as Trace A were the result of active faulting, instead reasoning they were more likely 
the result of differential erosion.  Bryant also noted the lack of geomorphic features south of Henry 
Road, which, if present, would have provided a connection with the scarp south of Highway 12.  
With perspective from the SNE rupture and paleoseismic evidence from post-SNE trenching 
studies along Trace A (e.g., Sites 2 and 4; Plate 3), it is reasonable to conclude that the previous 
fault evaluations such as Bryant (1982) may have been biased by an expectation of well-
developed tectonic geomorphology, as well as a lack of available subsurface data with constraints 
on the timing of past faulting.  

Trace B is approximately 2 km long, and the rupture is expressed as the deformation and cracking 
of pavement and sidewalks/curbs (Plate 1).  Offsets are less than 1 cm, and include right-lateral, 
left-lateral, and vertical offsets.  Geomorphic evidence of Trace B was not recognized in Bryant 
(1982), nor is it observed in this evaluation using aerial and lidar imagery. 

Trace C is the second longest rupture trace for a total length of about 7 km. From its northward 
continuation starting at Highway 12, it is mapped for approximately 1 km based on discontinuous 
SAR lineaments (Ponti et al., 2017; also see Plate 4).  Mapping for this FER infers a connection 
between the SAR lineaments to the portion of Trace C with field observations of SNE surface 
rupture (Plate 5).  Rupture observations along Trace C include right-lateral offsets, en echelon 
cracks, and fractures across cultural features and in soil.  The width of deformation was observed 
to be up to 20 m, with a maximum right-lateral displacement of approximately 5 cm.  Trace C 
roughly follows fault-parallel north-northwest trending valleys.  Geomorphic features clearly 
related to active faulting are not observed using lidar or pre-development aerial photographs in 
this evaluation.  A trench exposure across the rupture at Site 5 (Plate 3 and Table 2) depicts a 
flower structure approximately 2 m wide (RGH Consultants, 2015b).  This deformation suggests 
a longer history of fault activity and possibly greater displacement than what is documented from 
the SNE; although that topic is not specifically addressed in the report by RGH Consultants 
(2015b). 

Trace E is mapped by Ponti et al. (2017) as three separated sections.  The southern-most section 
is expressed as en echelon cracks, with right- and left- lateral offsets and a maximum measured 
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offset of 5 cm.  Pre-SNE geomorphology consists of a saddle (Feature 37; Plate 2 and Table 1) 
along the southern section.  The northern two sections are characterized by discontinuous cracks, 
some with extensional measurements. 

Surface rupture on Trace F is expressed by cracks with right-lateral and up-on-the-west vertical 
components, over a distance of approximately 1.5 km (Ponti et al., 2017).  Maximum right-lateral 
displacements are 5 cm with lesser vertical.  Pre-SNE geomorphology includes an alignment of 
saddles, linear valleys, and side hill benches west of the ridgeline (Plate 2 and Table 1). 

Trace F as-mapped by Ponti et al. (2017) was not recognized prior to the SNE; however, other 
faults had been mapped nearby (Plate 2).   Trenches at Site 7 (Plate 3 and Table 2) have clarified 
the presence or absence of those previously mapped faults, and the timing of activity.  A 
previously mapped fault along the western portion of the site was encountered within several 
trenches, and determined by a consultant to have pre-Holocene movement based on the age of 
faulted deposits in the lower portion of Trench 6 (Berlogar Stevens and Associates, 2014).  
However, deformation extends upwards to within approximately 2 feet of the ground surface in 
undated deposits. Due to the faults’ proximity to within in a few meters of the SNE rupture along 
the north end of Site 7, the consultant recommended a fault set back from this fault. Trenches 
across other previously-mapped faults and geomorphic features at Site 7 encountered no 
evidence of faulting (e.g., Phoenix Geotechnical, 1994; 1998).   

Trench investigations across Trace F at Site 7 (Plate 3 and Table 2) following the SNE provide 
evidence for two to three prior Holocene ruptures (Seitz et al., 2015; and Seitz pers. comm. 2017).  
The earlier ruptures have apparent vertical displacements significantly larger than in the SNE 
(Seitz et al., 2015), suggesting Trace F may have a greater spatial extent than exhibited by the 
relatively short length of its SNE rupture.  Consequently, geomorphic features such as a saddle 
and linear valleys (Features 14, 18, 19, and 22; Plate 2) and a UAVSAR lineament recognized in 
this evaluation to the southeast along the trend of Trace F, are used to map Trace F approximately 
1 km farther southeast than Ponti et al. (2017) indicate (Plate 5).   

Post-SNE observations at the north end of Trace F indicate the rupture could not be mapped 
beyond the northernmost field checked observation (Plate 4).  Observations northeast of that 
location include E- NE-trending ground cracks, and a SAR lineament is coincident with some of 
these field observations (Ponti et al., 2017).  This area is located within a mapped landslide 
(Wagner and Gutierrez, 2016).  The inconsistent trend of the cracks with the rest of the rupture, 
and their location within a mapped landslide suggests that these features may be related to 
gravity-driven processes of the landslide. However, a tectonic origin cannot be ruled out, and is 
equally plausible given these features are seen both in the field and in SAR imagery, and could 
represent an extension of Trace F (Plate 5).   

Browns Valley, between Browns Valley Road and Redwood Road 

SNE ruptures along Trace A, C, and D in Browns Valley resulted in the highest concentration of 
damage as a direct result of surface rupture.  Several residential structures sustained extensive 
damage despite the maximum displacements being relatively small, on the order of <10 cm.  
Traces A and C ruptures are expressed as en echelon cracks in pavement, offset curbs, distress 
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to foundations and walls of structures, and broken underground utilities.  Measured displacements 
range up to approximately to 7 cm on both Traces A and C, and generally decrease northward to 
3 cm.  Geomorphic features along the rupture are not observed in pre-development aerial 
photographs and lidar imagery along Trace A. 

Trace D is approximately 1-km-long and mapped by Ponti et al. (2017) across the central area of 
Browns Valley based on field observations coincident with a SAR lineament (Plate 4).  
Deformation is expressed as an alignment of deformed cultural features including en echelon 
cracks in pavement, right-lateral offset curbs, and broken sidewalk panels.  Measured right-lateral 
displacements of 1 to 2 cm are reported in Ponti et al. (2017).  An isolated hill within the valley 
floor, which is bounded by Trace C on the west, has a steep eastern face that is on trend with 
Trace D, and may represent a pre-existing localized uplift between Traces C and D.  Based on 
the reported field observations and possible geomorphic expression, Trace D is inferred to extend 
beyond the mapping of Ponti et al. (2017) approximately 200 m to the northwest in this evaluation 
(Plate 5).  

Redwood Road to north end of rupture 

This area includes Traces A and C.  Both traces are recognized as continuous features; although, 
Trace C is more clearly mappable as a through-going feature for a greater overall length, with 
larger displacements relative to Trace A.  The rupture is expressed as fissures and en echelon 
cracks in soil and pavement.  Measured displacements are 3 cm at Redwood Road and decrease 
toward the north end of the rupture, although a displacement of 6 cm is measured on Trace C 
approximately 1 km north of Redwood Road.  A horse corral fence and a house at the Hendry 
winery exhibit displacements on the order of centimeters.  Pre-existing geomorphology generally 
consists of scarps in an elevated, likely Pleistocene or older terrace surface (Features 67 and 68; 
Plate 2).  Trenches across the ruptures on this elevated surface expose evidence of prior 
displacements (Site 24; Plate 3 and Table 2).  The minimum age of these displacements are only 
constrained by trenches across the ruptures on lower surfaces, which expose no evidence of prior 
displacements within approximately 6,000-year-old deposits (Prentice et al., 2015).  

Approximately 1 and 1.3 km north of Redwood Road (for Traces A and C, respectively) to the 
northern termination of the rupture as mapped by Ponti et al. (2017), the rupture is weakly 
expressed, and Ponti et al. (2017) rely on SAR to extend the mapping (Plate 4).  Ponti et al. (2017) 
also map a complex zone of ridgetop fissures at the north end of Trace C; however, they conclude 
the fissures showed no evidence of right-lateral movement and indicate the SAR lineaments have 
an uncertain origin.  Several trenches were opened across a SAR lineament and fissures following 
the SNE at Site 28 (Plate 3), and evidence of previous deformation was not encountered (Table 
2).  However, the on-trend continuity of the SAR lineaments (as mapped by Ponti et al., 2017) 
and the observations of rupture to the south, as well as the concentrated fissuring in this area, 
suggest the possibility that portions of these features could be fault-related.  Therefore, this 
portion of the rupture is considered active (Plate 5). 
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Evaluation of Pre-2014 Fault Mapping and Site Investigations 

This section evaluates fault mapping and subsurface site investigations completed prior to the 
SNE.  Geomorphic mapping conducted as part of this evaluation, as well as post-SNE SAR-based 
mapping and subsurface investigations are also discussed where they inform conclusions in this 
evaluation.  This section focuses on the boundary between the valley floor of Napa Valley and 
bedrock uplands to the west, where much of the pre-SNE WNRF mapping and site investigations 
were focused.   

The discussion is arranged in sections from south to north relative to roads labelled on Plates 1-
5.  A summary of subsurface investigations is provided in Table 2.  Locations of site investigations 
are shown on Plate 3. 

Highway 12 to Browns Valley Road 

The western margin of Napa Valley consists of a linear, east-facing range front extending 
northwest from near the intersection of Highways 12 and 29, valley floor topography in western 
Napa Valley meets bedrock uplands on the west (Plate 1).  Wagner and Gutierrez (2016) depict 
a number of faults along this boundary, and Wesling and Hanson (2008) map a series of 
discontinuous, Holocene or probable Holocene faults along the base of the east-facing bedrock 
hills (Plate 1).  These faults are considered part of the WNRF.  Evaluation of faults in this area is 
based on geomorphology and subsurface data, as well as SAR lineaments. 

Geomorphology in this area consists primarily of east-facing scarps and linear fronts (Plate 2 and 
Table 1).  Mapping for this FER finds similar features to those mapped by Wesling and Hanson 
(2008), although the locations are considered more accurate because of the use of high resolution 
lidar imagery, which was not available previously.  The differences in interpretation are generally 
related to the location and extent of some features. 

The strongest geomorphic features are expressed at the southeast and northwest ends of this 
area.  At the southeast end, an approximately 1 km long scarp is mapped beginning southeast of 
Highway 29 (Features 5 and 7; Plate 2 and Table 1).   A SAR lineament mapped by Ponti et al. 
(2017) (Plate 4) is coincident with Feature 7 (Plate 2 and Table 1), and extends northwest 
approximately 0.6 km.  Post-SNE field observations along the SAR lineament and scarp did not 
identify evidence of rupture, and Ponti et al. (2017) indicate the lineament has an uncertain origin.  
Nevertheless, the coincidence of the SAR lineament with the geomorphic scarp is considered 
evidence of activity.   

Between approximately 2 and 3 km north of Highway 12 the fault is inferred along the bedrock 
slopes based on a continuous linear scarp visible in lidar hillshade and slopeshade imagery 
(Feature 23; Plate 2 and Table 1).  Though it is difficult to distinguish active fault scarps from 
scarps formed by differential erosion along this section (as well as in other areas discussed 
below), supporting evidence of activity exists on adjacent sections of the fault.  At the northeast 
end of this area, a series of linear fronts and scarps (Features 46, 49, and 50; Plate 2 and Table 
1) characterize a 1 km-long section terminating at Browns Valley Road. 
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Several site investigations have excavated trenches across previously mapped and suspected 
active faults in the area.  Sites 6, 10 and 12 (Plate 3 and Table 2) encountered faults, with Site 
12 exposing a fault breaking the bedrock/soil interface.  Feature 49 (Plate 2) is mapped coincident 
with the fault at Site 12.  Mapped faults were not encountered at Sites 7, 8, 9, and 11 (Plate 3 and 
Table 2). 

Based on the trench at Site 12 exposing faulted soil, strong geomorphic expression at the ends, 
coincident SAR lineaments, continuity with the section to the northwest, and plausible continuity 
from the south across a stepover from Trace G, faults shown on Plate 5 in this area are considered 
active. 

Browns Valley Road to Redwood Road 

An elongate set of northwest- southeast-trending, fault-bounded hills (e.g., Wagner and Gutierrez, 
2016; Wesling and Hanson, 2008) (Plates 1 and 2) separates Browns Valley and Napa Valley.  
Evaluation of faults along the west-facing slopes is based on geomorphology and subsurface 
data, whereas faults along the east-facing slopes are based on geomorphology with a SAR 
lineament. 

Geomorphic features in this area consist primarily of linear fronts and saddles (Plate 2 and Table 
1), similar to features in Wesling and Hanson (2008); although, a right deflected drainage (Feature 
54; Plate 2 and Table 1) mapped by Wesling and Hanson (2008), could not be identified in pre-
development aerial photographs.  A SAR lineament mapped by Ponti et al. (2017) is largely 
coincident with a linear front and linear drainage (an example is Feature 53; Plate 2 and Table 1) 
along a portion of the eastern hill front (Plate 4).  Ponti et al. (2017) indicate the lineament has an 
uncertain origin, but it may be consistent with a small amount of tectonic or triggered movement. 

Several previously mapped faults in the area have been investigated with trenches, and evidence 
of faulting was interpreted by consultants in trenches at Sites 16, 18, and 19 (Plate 3 and Table 
2).  Sites 18 and 19 expose faults within bedrock that break the bedrock/soil interface, which is 
considered strong evidence of activity.  Faults were not recognized by the consultants at Sites 
13, 17, 19, 21 and 22 (Plate 3 and Table 2).  However, the log from Trench 4 at Site 17 (Plate 3 
and Table 2), depicts shears in a location that is generally on trend with a fault found at Site 16, 
and thus are permissive of faulting.  Site 14 (Plate 3 and Table 2) represents a natural creek 
exposure where Wesling and Hanson (2008) logged and dated a fault as extending upward into 
young alluvium; however, critical relations on the log could not be reproduced in visits to the site 
as part of this evaluation. 

Based on trench exposures of faulted soils, and the continuity of geomorphic expression with 
adjacent areas, uplifted topography, and a coincident SAR lineament, faults shown on Plate 5 in 
this area are considered active. 

Redwood Road to Linda Vista Ave 

Napa Valley and bedrock uplands to the west are separated by low hills through which faults have 
been mapped, north of Redwood Road (e.g., Wagner and Gutierrez, 2016; Wesling and Hanson, 



California Geological Survey – Fault Evaluation Report 256 
 

15 
 

2008).  Evaluation of faults in this area is based on geomorphology, subsurface data, and a SAR 
lineament. 

Geomorphic features in this area include scarps and a right-lateral drainage offset.  The most 
prominent feature is a scarp just north of Redwood Road (Feature 66; Plate 2 and Table 1) in 
eastern Alston Park.  The scarp is considered evidence of recent fault activity on several maps 
(e.g., Fox et al., 1973; Helley and Herd, 1977; Wesling and Hanson, 2008; Clahan et al., 2011).  
Mapping the location of this section of the fault is informed by trenches (Sites 25 and 26; Plate 3 
and Table 2) across Features 66 and 73 (Plate 2 and Table 1) that did not expose faults.  
Subsurface data are not available for other geomorphic features in the area.  However, SAR 
lineaments (Figure 4) and post-SNE observations (Ponti et al., 2017) along portions of the scarp 
suggest an unknown amount and direction of movement related to the SNE.  Plate 5 depicts a 
fault in this area that reflects 

A second scarp (Feature 72; Plate 2) in the area extends from 1.8 km to 2.2 km northwest of 
Redwood Road, along Dry Creek Road, and lidar profiles reveal it separates higher and lower 
surfaces in the approximate location of the road.  A right-lateral drainage offset along Feature 72 
0.2 km southeast of Linda Vista Avenue can be seen in lidar and early aerial photographs where 
the drainage crosses Dry Creek Road.  Feature 72 represents the approximate northern limit of 
well-defined geomorphic features.  Additional evidence of active faults beyond this point may be 
obscured by more youthful alluvial features.  Regional geologic mapping depicts concealed and 
inferred faults (Plate 1; Wagner and Gutierrez, 2016) further northwest along Dry Creek Road.  In 
the northwest corner of the Napa Quadrangle the fault is shown to separate bedrock formations; 
however, tectonic geomorphic features are not observed in this area. 

Within the valley floor, several previously mapped geomorphic features northeast of Dry Creek 
Road (Wesling and Hanson, 2008) were either not observed or not interpreted as likely of tectonic 
origin in this evaluation (i.e., they could not be validated).  See Plate 2 and Table 1 for details of 
these features.   

Based on the strong expression of scarps and a right-lateral offset along Dry Creek Road, the 
continuity of geomorphic expression on trend from south of Redwood Road, uplifted topography, 
and a coincident SAR lineament, faults on Plate 5 in this area are considered active. 
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RECOMMENDATIONS 

Recommendations for including faults within EFZ’s are based on the criteria of “sufficiently active” 
and “well-defined” (Bryant and Hart, 2007).  The principal traces of the West Napa Fault Zone 
evaluated in this report are shown on Plate 5, and are recommended for inclusion within EFZ’s 
as they are considered to be sufficiently active and well-defined.  
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Table 1.  Geomorphic analysis of mapped lineaments  

Feature No. Feature Type Evaluation comment 
1 scarp Scarp is visible in the field and in lidar imagery, although 

not necessarily for the full length as mapped by Wesling 
and Hanson (2008).  Feature #4 below reflects mapping 
from this FER. 

2 Linear drainage, 
saddles, right 
step drainage, 
linear front 

Features mapped by Wesling and Hanson (2008) are not 
evident in lidar.  The drainage offset is indistinguishable 
from a meandering drainage pattern.  2014 rupture mapped 
to east, based on SAR imagery.  See information regarding 
subsurface exploration in this area in Table 2, Site 3. 

3 scarp Based on the location in close proximity and subparallel to 
the Napa River, this feature is interpreted to be a fluvially 
cut terrace riser.  Lidar topography improves the expression 
compared to aerial photos.  Tonal lineaments mapped by 
Wesling and Hanson (2008) in this location appear to 
reflect land use boundaries on aerial photographs. 

4 scarp Scarp mapped to the extent visible in lidar.  Approximate 
dimensions are 1.1 km long, 7 m high, and 50 to 100 m 
wide, based on lidar.  Lidar profiles show scarp crest is 
rounded.   

5 scarp Scarp is up to 6 m high and 80 m wide in lidar profile.  
Similar to mapping by Wesling and Hanson (2008).  Based 
on aerial photographs and lidar imagery, the scarp may be 
enhanced by fluvial erosion and/or cultural modification. 

6 linear valley, 
vegetation 
contrast, scarp 

Similar to mapping of Wesling and Hanson (2008), 
including west-facing scarp visible in lidar.  Orientation of 
the feature may be consistent with bedrock structure.  
Association with tectonic features is unknown.   

7 scarp Scarp visible in lidar, mapped in-part as tonal contrast by 
Wesling and Hanson (2008).  Scarp parallels geologic 
contact.  Lidar profiles indicate scarp is up to 20 m high.  
Vegetation contrast varies in strength of expression over 
time. 

8 linear valley   
9 tonal contrast   
10 linear front NE-facing bedrock slope. 
11 linear front   
12 linear valley Broad feature, modified by development. 
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13 scarp Scarp mapped by Wesling and Hanson (2008) is not 
evident in lidar. 

14 linear valley   
15 linear valley   
16 scarp and tonal 

contrast 
Scarp mapped by Wesling and Hanson (2008) is not 
evident in pre-development aerial photographs.  Tonal is 
similar to observations in this FER.   

17 linear valley   
18 linear front  
19 saddle   
20 linear valley   
21 saddle   
22 linear valley   
23 scarp Scarp visible in pre-SNE lidar imagery along hillside.   
24 linear valley   
25 linear valley   
26 saddle   
27 linear front Feature is visible in pre-earthquake lidar imagery.  Trench 

at northern end of feature exposed pre-2014 faults in 
Holocene deposits (Dawson et al., 2016); see Site # 4 in 
Table 2. 

28 saddle   
29 saddle   
30 linear front Feature is partially concealed by a landslide complex visible 

in lidar imagery. 
31 saddle Feature visible in lidar imagery and aerial photographs.  A 

consulting trench across this feature encountered no faults.  
See Site #7 in Table 2 for additional information. 

32 saddle   
33 saddle   
34 linear valley   
35 scarp, break in 

slope 
Scarp mapped by Wesling and Hanson (2008) is not 
evident in lidar, but the break in slope to south is more 
apparent.  Features may be obscured by artificial 
modifications visible in early aerial photographs and historic 
topographic map.  See Site # 7 in Table 2 for additional 
discussion of subsurface investigation in this area. 

36 saddle   
37 saddle, tonal 

contrast 
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38 scarp Scarp mapped by Wesling and Hanson (2008) is not 
evident in pre-development aerial photographs.  Subtle 
irregularities in alluvial surface have an indeterminate 
origin. 

39 right step 
drainage, linear 
front 

Drainage offset is mapped by Wesling and Hanson (2008).  
However, observations in lidar imagery suggest a more 
continuous expression of possible scarps along the base of 
the fan to the east.  Linear front is apparent in lidar imagery, 
although cultural modification appears to enhance the 
expression. 

40 side hill bench   
41 side hill bench, 

tonal contrast 
  

42 linear ridge   
43 tonal contrast   
44 linear valley   
45 saddle   
46 Linear front Spur ridges are observed to be faceted or truncated in lidar 

imagery, with additional notches on the ridgelines up slope 
to the east.  Wesling and Hanson (2008) map similar 
features.  Geomorphic expression is partially obscured by 
extensive cultural development.   

47 saddle   
48 linear valley   
49 scarp Scarps mapped with lidar along bedrock slopes above 

valley.  Line is mapped to be partially coincident with fault 
encountered at Site 12, Table 2.   

50 scarp Scarp mapped using lidar, similar to mapping of Wesling 
and Hanson (2008). 

51 saddle   
52 scarp? Queried scarp mapped by Wesling and Hanson (2008) 

adjacent to creek.  Feature could be consistent with a creek 
meander and fluvial terrace riser.  Scarp to south is not 
evident in lidar.   

53 linear front Linear front appears to be associated with contact between 
bedrock and alluvium.  Scarp mapped by Wesling and 
Hanson (2008) not shown on Plate, but similar to mapping 
from this FER.   

54 right step 
drainage 

Drainage offset mapped by Wesling and Hanson (2008) is 
not evident in pre-development aerial photographs.  A 
discrete offset is not discernable from the meandering 
drainage pattern.   
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55 saddle   
56 saddle See Site #19 in Table 2 for additional information about 

subsurface investigation of this feature. 
57 several scarps West-facing scarps sub-parallel to range front are mapped 

by Wesling and Hanson (2008), although lidar imagery 
suggests slight difference in locations.  Form and location 
are consistent with either fluvial or tectonic origin.  See Site 
#'s 19 and 21 in Table 2 for additional information on 
subsurface investigation in this area. 

58 saddle   
59 linear front Linear front appears to be associated with contact between 

bedrock and alluvium.   
60 linear front Similar to mapping of Wesling and Hanson (2008), 

however, limited to shorter more linear expression based 
on lidar imagery. 

61 saddle   
62 topographic 

escarpment, 
bedrock fault 

Topographic escarpment, closed depression, and bedrock 
fault mapped by Wesling and Hanson (2008).  2014 rupture 
trends across the lineament, rather than being coincident or 
parallel with it.    

63 linear front Linear front mapped by Wesling and Hanson (2008) 
appears to be associated with contact between bedrock 
and alluvium.   

64 linear front East-facing linear front sub-parallel to range front based on 
lidar.  Similar to scarp mapped by Wesling and Hanson 
(2008).  See Site #22 for additional information on 
subsurface investigation in this area. 

65 scarp   
66 scarp Scarp mapped along base of slope using lidar.  Similar to 

mapping by Wesling and Hanson (2008).  The curvilinear 
form may indicate enhancement by fluvial erosion.  A 
trench exposure at the base of slope exposed depositional 
contacts, but no faults (Rubin et al., 2014).  See two entries 
for Site 25, Table 2 for additional discussion of subsurface 
information at this location.   

67 scarp   
68 scarp   
69 linear front, 

modified 
  

70 tonal contrast   
71 saddle   



California Geological Survey – Fault Evaluation Report 256 
 

26 
 

72 right step 
drainage, scarp 

Drainage offset and scarp mapped by Wesling and Hanson 
(2008).  Offset is visible in early aerial photographs.  In lidar 
views, recent incision and artificial modification are evident 
at the offset.  Scarp is nearly coincident with alignment of 
Dry Creek Road, which has cut/fill modifications. Lidar 
profiles indicate a vertical step between higher and lower 
surfaces across the road alignment. 

73 right step 
drainage 

Drainage offset mapped by Wesling and Hanson (2008) is 
not discernable from a meandering pattern in lidar.  
Lineament is not on-trend with other features.  See site # 
26 in Table 2 for more information about subsurface 
investigation at this location. 

74 tonal contrast   
75 tonal contrast   
76 saddle   
77 linear front Similar location to of drainage offset mapped by Wesling 

and Hanson (2008).  No offset is observed in lidar or early 
aerial photographs. 

78 right step 
drainage 

Drainage offset mapped by Wesling and Hanson (2008) is 
not evident in aerial photographs or lidar.  Early aerial 
photographs show extensive artificial modification.   

79 right step 
drainage 

Drainage offset mapped by Wesling and Hanson (2008) is 
not evident in lidar or early aerial photographs.  Extensive 
artificial modification limits interpretation.   

80 tonal contrast   
81 linear front   
82 saddle   
83 tonal contrast   
84 tonal contrast   
85 tonal contrast   
86 right step 

drainage 
Drainage offset mapped by Wesling and Hanson (2008) is 
coincident with extensive artificial modification, which is 
visible in early aerial photographs.  Interpretation of pre-
development configuration is significantly limited.  
Lineament is not on trend with others features.  

87 linear front Linear front similar to scarp mapped by Wesling and 
Hanson (2008), but limited to shorter more linear 
expression based on lidar.  Bedrock exposed in road cut on 
west side indicates topography may be controlled by 
bedrock/alluvium contact. Orientation and extent of feature 
could be consistent with fluvial erosion. 
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88 right step 
drainage 

Drainage offset mapped by Wesling and Hanson (2008) is 
part of channel with extensive artificial modification.  
Lineament is not on trend with others features. 

89 tonal contrast   
90 right deflected 

ridge 
Deflected ridge mapped by Wesling and Hanson (2008) is 
visible in lidar.  However, landslides visible on either side of 
ridge contribute to the curved appearance, and other offset 
features are not observed on trend. 

91 linear valley   
92 linear valley   
93 scarp? Scarp mapped by Wesling and Hanson (2008) is not 

evident in lidar profiles. 
94 tonal contrast Tonal contrast mapped by Wesling and Hanson (2008) is 

not evident aerial photographs.  
95 right step 

drainage 
Drainage offset mapped by Wesling and Hanson (2008) is 
not evident in lidar or aerial photographs.  A discrete offset 
is not discernable from the meandering drainage pattern. 

96 tonal contrast Tonal contrast mapped by Wesling and Hanson (2008) not 
evident aerial photographs.  

97 linear ridge   
98 right step 

drainage 
Drainage offset mapped by Wesling and Hanson (2008) is 
not evident in lidar.  

99 scarp Scarp mapped by Wesling and Hanson (2008) is not 
evident in lidar profiles. 
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Table 2.  Summary of available fault investigation reports 

Site No. Reference (AP File #, if 
assigned) 

Reported Conclusions Evaluation comments 

1 Wesling and Hanson, 
2008 (1) 

Holocene faulting identified at 
Napa Co. Airport trench site.  
Trench site selected based on 
geomorphic expression of fault. 

  

2 Dawson et al. 2016 (1) Trench across Rupture Trace A; 
multiple previous rupture events, 
but insufficient Holocene 
deposition for pre-SNE event 
characterization. 

  

3 RGH Consultants, 2014a Preliminary field study including 
two trenches excavated across 
faults mapped by Wesling and 
Hanson (2008).  Steeply dipping 
bedrock exposed in trenches, 
but no evidence of faulting. 

Report and log not available 
(Jared Pratt, pers comm.). 

3 RGH Consultants, 2016 Trenches shadow proposed 
building footprint from 
projections of previously 
mapped faults or lineaments.  
No evidence of faulting 
encountered. 

Logs not available. 

3 Joyce Associates, 1993 
C-961 

Two trenches across previously 
mapped faults and lineaments.  
Minor shearing within Eocene 
bedrock identified, no evidence 
of faulting in overlying alluvium.  
Setbacks recommended for 
lineaments that were not 
explored, although those are 
located generally off-site. 

  

4 Dawson et al., 2016 (2) Two trenches across Rupture 
Trace A and scarp.  Several 
faults encountered, with 
evidence consistent with pre-
SNE deformation.  Stratigraphy 
not favorable to recognizing 
event history, but faulted 
deposits are Holocene in age. 
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5 RGH Consultants, 2015b Two trenches located across 
Rupture Trace C expose fault 
deformation in bedrock and 
overlying deposits.  Setbacks 
are recommended from 
identified faults. 

  

6 Miller Pacific, 2014 Several trenches located across 
and near a fault previously 
mapped by Clahan et al. (2004).  
Faults and deformation are 
recognized in bedrock, with 
some zones extending short 
distances on-trend.  Faulting of 
overlying soils was not 
recognized.  However, based on 
the lack of data to preclude 
Holocene movement, setbacks 
are recommended from 
recognized faults. 

  

 7 Seitz et al., 2015 Paleoseismic trench study: 3 
events pre-dating SNE (2 in the 
Holocene), where significantly 
greater vertical displacements 
were observed.   

  

7 Berlogar, Stevens 
Associates, 2014  

Several trenches in the western 
portion of the site are located to 
cross previously mapped faults 
and the SNE rupture.  
Consultants conclude western-
most previously mapped fault 
has latest Pleistocene 
movement based on estimated 
soil ages in Trench 6. The 
consultants note deformation 
from the deeper fault zone 
extends higher in the section, 
although offsets are not 
observed.  Setbacks are 
recommended along both the 
western fault zone and SNE 
rupture zone. 

A radiocarbon date of 
approximately 25 ka from the 
lower faulted deposit was 
subsequently obtained by 
Seitz (pers. comm. 2017).  
The upper soils are not 
dated, and although offsets 
are not observed, this could 
be the result of lateral 
deformation and the shallow 
depths could be consistent 
with Holocene movement.   
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7 Phoenix Geotechnical, 
1994 

Several trenches located across 
previously mapped faults.  
Faults mapped on the eastern 
side of site were not identified in 
the trenches.  Bedrock exhibits 
local shears, however the 
consultants conclude they are 
not continuous on strike and 
evidence of active faulting is 
absent.  On western side of site, 
setbacks are recommended 
based on a continuous zone 
faulting recognized in trenches 
along a fault mapped by Helley 
and Herd (1977).   

Subsequent investigation by 
Berlogar Stevens Associates 
(described above) provides 
additional data on location 
and activity of fault zone 
along western portion of site. 

7 Phoenix Geotechnical, 
1998 

Three trenches excavated 
across mapped faults and 
lineaments at foot of rangefront 
in the northeastern portion of 
site. Deformation in bedrock is 
described as minor and 
localized, and is overlain by 
undeformed soils of estimated 
pre-Holocene age.  Bedrock 
deformation at western end of 
trenches not continuous on-
strike between trenches, 
although setbacks are 
recommended based on the 
inability to preclude 
displacement of Holocene soils 
in that portion of trench. 

Logs not included in report, 
but detailed descriptions and 
soil analysis are reported.  

8 RGH Consultants, 2015a Trench excavated across fault 
mapped by Clahan et al. (2004), 
and near a fault mapped by Fox 
et al. (1973).  No evidence of 
faulting was encountered in the 
trench. 

  

9 Western Geological 
Consultants, 1979 

Two trenches excavated across 
the break in slope at range front, 
and a geophysical anomaly.  No 
faults were encountered in the 
trenches, and the anomaly was 
found to be related to a section 
of bedrock covered with 
alluvium. 
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10 TRC, 2008 Two trenches across fault 
mapped by Clahan et al. (2004).  
A fault zone was exposed within 
bedrock in both trenches.  
Faulting was not observed in 
overlying soil, however the 
consultants were unable to 
establish the soil age.  Based on 
the inability to preclude 
Holocene movement, setbacks 
from the fault were 
recommended. 

  

11 J. H. Kleinfelder 
Associates, 1984 

Six trenches across/near 
several mapped faults on range 
front.  Bedrock is exposed in 
trenches, with no faulting 
observed. 

  

12 Western Geological 
Consultants, 1980 C-396 

Trench located to cross 
previously mapped faults. A fault 
displacing the bedrock/soil 
interface is encountered, and 
consultants recommend 
setbacks based on 
displacement of soil interpreted 
to be young. 

Trench crosses geomorphic 
scarp. Fault is identified up 
from the base of slope.   

13 Taber Consultants, 1986 One trench excavated across 
fault mapped by Helley and 
Herd (1977), and nearly on-
trend with fault encountered in 
Site 12 to south.  Setback 
recommended from southwest 
property corner.     

Report and log not available, 
but the lack of faults on the 
site plan within the trenched 
area suggests no faults were 
encountered. 

14 Wesling and Hanson, 
2008 (2) 

Faulted Holocene alluvium 
reported at natural exposure in 
Browns Valley Creek at 
rangefront.  Charcoal ages were 
obtained. 

Could not verify faulting 
relationships at creek 
exposure during two field 
visits that included three 
other geologists (W. Bryant, 
T. Dawson, and J. Wesling). 

15 Phoenix Geotechnical, 
1996 

Two trenches across fault 
mapped by Fox et al. (1973).  
No evidence of faulting reported 
within alluvial deposits, although 
deep fill is present in the eastern 
portion of site.   

Deep fill may have precluded 
observation of geologic 
conditions, but this is not 
clear in the report.  Trench 
logs are not included in the 
report. 
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16 Donald Herzog 
Associates, 1984 C-569 

Two test pits encountered fault 
zone in bedrock. Though 
colluvial soils were not shown to 
be faulted, consultants 
recommend setbacks from the 
faults based on an assumed 
youthful soil age.  

  

17 Herzog Associates, 1990 Trenches excavated across 
faults projected from Site 16 to 
the southeast, as well as other 
previously mapped faults.   

Though no evidence of 
faulting is interpreted by the 
consultants, features 
permissive of faulting are 
present on the Trench 4 log.  
Additionally, a bedrock 
contact identified as faulted 
at Sites 18 and 19 to the 
northwest likely exists 
between Trenches 5/6 and 7, 
based on unit descriptions 
from those trenches. 

18 Engeo, 1977b C-265 Trench exposes fault mapped 
by Fox et al. (1973).  
Consultants interpret young 
soils displaced by fault, and 
recommend setbacks from the 
fault. 

  

19 Engeo, 1979a C-397 Three trenches near faults 
mapped by Fox et al. (1973) and 
Helley and Herd (1977).  
Deformed bedrock exposed in 
two trenches, soil involved in 
one of those.  Fault separates 
bedrock units.  Consultants 
interpret young soils displaced 
by fault, and recommend 
setbacks from the fault.  

Consultant later re-
interpreted faulted soil as 
non-tectonic (cited in Bryant, 
1982).   

20 RGH Consultants, 2014b Test pit across open crack on 
Rupture Trace A; crack does not 
extend downward through base 
of soil.  Bedrock not deformed. 

Observed excavated pit.  
Consulting report not 
completed. 

21 Engeo, 1977a Trench excavated across fault 
mapped by Fox et al. (1973).  
No faults found, however, 
consultants interpret the 
existence of the fault offsite to 
the east and recommend 
setbacks from the property line. 
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22 Moore and Taber, 1974b One trench across or near 
mapped faults.  No faulting 
observed in trench. 

Conclusions verified in field 
during City Geologist and 
USGS peer reviews. 

23 Moore and Taber, 1974a Trenches address City 
Geologist concerns of nearby 
faulting mapped by Fox et al. 
(1973).  Trench 1 crosses zone 
of SNE deformation. Trench 3 
exposes bedrock contact.  
Consultants conclude contact is 
depositional. 

SNE deformation ~110-130 
west of contact in Trench 3.  
Unit descriptions from report 
appear consistent with 
depositional contact between 
GVG and Domengine 
Formation bedrock units in 
Trench 3.   

24 Prentice et al., 2015 Several trenches across 
Rupture Traces A and C at 
Hendry Vineyard.  Trenches 
within ~6k yr. old deposits yield 
no evidence of faults.  Trenches 
on likely Pleistocene-age terrace 
reveal faults of unconstrained 
age, with vertical offsets of ~ 2 
m or less. 

  

25 Clahan et al., 2011 Holocene faulting interpreted in 
natural stream exposure, at 
base of scarp in eastern Alston 
Park. 

Subsequent trenching at this 
location by Rubin et al. 
(2014) indicates only 
depositional contacts at this 
location (see below).   

25 Rubin et al., 2014 Trench at Eastern Alston Park 
crosses base of scarp and 
previously mapped faults.  
Trench shadowed creek 
exposure interpreted by Clahan 
et al. (2011). Quaternary or 
older materials exposed in 
trench, with no faults 
encountered; only depositional 
contacts. 

  

26 Jim Glomb Consulting, 
2015 

Trench shadows alignment of 
fault mapped by Wesling and 
Hanson (2008).  Trench 
exposed bedrock, with no 
evidence of faulting 
encountered. 

  

27 Engeo, 1978/1979b Two trenches located to cross 
fault mapped by Fox et al. 
(1973).  No evidence of faulting 
encountered in trenches. 
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28 Ryan Geological 
Consulting, 2015 

Several trenches located to 
cross SNE fissures, UAVSAR 
lineament of Ponti et al. (2017), 
and fault mapped by Fox et al. 
(1973).  Consultant concludes 
no faulting present in trenches.  
Fissures found above steeply 
dipping bedrock in subsurface, 
but do not extend downward 
beyond the soil.  Consultant 
concludes surface cracks are 
ridge-top spread features, or 
related to settlement of utility 
trench backfill.   
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